It has been demonstrated that experimental diabetes causes an increase of the digestive and absorptive functioning of sugars in the brush border membranes of intestinal epithelial cells (1) (2) (3) (4) (5) (6) . In our previous study, the increase of disaccharidase MATERIALS AND METHODS
1.
Animals. Male rats of Wistar strain, weighing 180g, were raised on four different dietary regimens, viz, a synthetic sucrose-free (70% of the total weight as corn starch) diet (starch diet), a synthetic high sucrose (46% as sucrose, 24% as corn starch) diet (sucrose diet) (Table 1) , a standard laboratory chow (Oriental Yeast Co.) diet (standard diet), or a standard diet containing Acarbose (75mg/100g) (Acarbose diet) for a week followed by an intraperitoneal injection of streptozo tocin (70mg/kg). Streptozotocin was dissolved in citrate buffer (pH 4.5) just before the injection. Control rats received the citrate buffer alone. All rats were housed in metabolic cages and their body weight, food and water intake, and urine volume were measured daily. All rats were fed ad libitum and had free access to water. On the twelfth day after the injection, the rats were killed by decapitation between 13:00 and 15:00hr, without fasting. Blood and twenty-four hour urine were tested for glucose concentration using the glucose oxidase method of Dahlqvist (15). The The S-I content was determined from the diameter of the precipitation ring using a purified S-I complex (20) as standard. Antiserum against rat S-I complex was prepared from rabbit as previously described (21). 6. Chemicals. Streptozotocin was obtained from Sigma Chemical Co ., papain and glucose oxidase from Worthington Biochemicals Co. Acarbose was kindly provided by Bayer Yakuhin, Ltd. Sucrose was purchased from Kokusan Chemical Works, Ltd. Maltose and isomaltose were kindly provided by Hayashibara Co ., Ltd. Other reagents were analytical grade chemicals. RESULTS 1. Effect of sucrose and Acarbose feeding on the development of diabetes induced by streptozotocin
The incidence of diabetes in the four groups of rats raised on sucrose , starch, standard, and Acarbose diets was 100% (all of 16 rats injected with streptozotocin) , 80% (12 from 15 rats), 70% (14 from 20 rats) and 47.6% (10 from 21 rats) , respectively. The rats treated with streptozotocin but not developing diabetes were normal in both blood glucose level (ca. 100mg/dl) and urinary glucose level (less than 100mg/dl).
As shown in Table 2 , food intake, water intake, urine volume, blood glucose and urine glucose were similarly increased in both diabetic groups fed on starch diet and sucrose diet compared with respective control groups . There was no significant difference in the resultant diabetic condition between starch diet and sucrose diet .
Moreover, the course of development of diabetes was not changed by sucrose feeding, viz, blood and urine glucose levels were markedly increased 24hr after the injection of streptozotocin and urine volume was gradually increased over a few days, in starch and sucrose diet groups (Fig, 1) . However, the mode of development of diabetes in individual rats was influenced by sucrose feeding when we compared the onset of diabetes by either hyperphagia, viz, food intake 50% more than with control rats, or by polyuria, viz, above 100ml/day. As shown in Fig. 2 , the period up to the onset of diabetes in rats fed on starch diet was subjected to a wide individual variation. On the contrary, the onset was more concurrent and more rapid in rats fed on sucrose diet compared with those fed on starch diet. On the other hand, Acarbose feeding moderated the diabetic condition . Water intake and urine volume in diabetic rats fed on Acarbose diet were markedly decreased and therefore excretion of glucose into urine was significantly decreased compared with diabetic rats raised on standard diet (Table 3 ). The mode of the development of diabetes, however, was not influenced by Acarbose feeding, when the onset was estimated by the increase of food intake, viz, the period up to the occurrence of hyperphagia after the injection of streptozotocin was similar for the rats fed on standard diet and those fed on Acarbose diet. 2. Effect of sucrose and Acarbose feeding on the activities of disaccharidases and the sucrase-isomaltase complex content After 7-day's feeding of starch or sucrose diet , i.e., just before the injection of streptozotocin, specific activities of disaccharidases (i .e., sucrase, isomaltase and maltase) were significantly increased solely in the proximal part of the intestine (duodenum) in rats fed on sucrose diet compared with those fed on starch diet (Fig.  3) . Total activities also tended to increase in the proximal part of the intestine (Fig .  3) .
On the twelfth day after the injection of streptozotocin , specific activities of disaccharidases were increased in diabetic groups regardless of diet or intestinal segment (Fig. 4) . The increase of specific activities ascribed to diabetes was more remarkable in rats fed on sucrose diet. Total activities of disaccharidases were approximately doubled by diabetes regardless of diet or intestinal segment . It is noteworthy that the total activities of disaccharidases in diabetic rats fed on sucrose diet were significantly increased, especially in the duodenum , compared with diabetic rats fed on starch diet (Fig. 4) . The effect of Acarbose feeding on the specific activities of disaccharidases is shown in Fig. 5 . After 19-day's feeding of Acarbose (i.e., the sum of the pre treatment period of 7days and post-treatment period of 12days), specific activities of sucrase, isomaltase and maltase in control rats were significantly decreased in the jejunum. Thus, maltase activity was most influenced by Acarbose feeding. Also, between the diabetic groups, it was shown that disaccharidase activities were decreased by Acarbose feeding. Diabetes also resulted in the increase of specific activities of disaccharidases in the jejunum in the rats fed with Acarbose, but the disaccharidase activities in diabetic rats fed on Acarbose diet did not exceed those in control rats fed on standard diet. The data of total activities were almost compatible with those of specific activities, since there was no effective change in intestinal mucosal weight caused by Acarbose feeding.
To demonstrate that the changes in disaccharidase activities are due to the changes in enzyme protein content, the content of the S-I complex was determined immunochemically. As shown in Tables 4 and 5 , S-I complex content was changed in good parallel with sucrase and isomaltase activities, thus indicating that the diabetic and/or nutritional status would mainly influence the quantity of disac charidase but little affect its catalytic property, at all.
In order to determine whether the increase of disaccharidase activities accom panied by the development of diabetes and/or sucrose feeding may be ascribed to the change of distribution through villus to crypt gradient of the S-I complex, the villus-crypt gradient of sucrase and isomaltase activities and their content were observed with successive isolated cells from the jejunum of the control and the diabetic rats fed on either starch or sucrose diets. As shown in Fig. 6 , along from BETES 51 lower villus to crypt zone, sucrase and isomaltase activities were markedly decreased in control rats regardless of diet. In diabetic rats, however, sucrase and isomaltase activities were not as greatly decreased in the crypt zone as those of control rats. It is worthy of note that sucrase and isomaltase activities in control rats are increased especially in the apical and middle villus by sucrose feeding, accompanied by the parallel increase of S-I complex content. In contrast, this was not shown in diabetic rats.
DISCUSSION
In the present study, the effect of feeding of sucrose and Acarbose on the development of diabetes was observed in streptozotocin-treated rats.
It has been demonstrated that intestinal disaccharidase activities are increased in diabetes induced by streptozotocin (3, 4, 7) and also by sucrose feeding following 72-hr starvation or 72-hr feeding of carbohydrate-free diet (8, 22, 23 of disaccharidase activities by sucrose feeding is ascribed to the increase of synthesis of disaccharidases in crypt cells (9) . In good agreement with these observations, the disaccharidase activities were markedly increased in the duodenum by sucrose feeding both in control and diabetic rats. The increase of sucrase and isomaltase activities in diabetic rats was shown to be ascribed to the increase of the content of S-I complex as reported previously (7). Moreover, the increase of disaccharidase activities caused by sucrose feeding was also ascribed to the increase of the content of S-I complex.
The distribution of S-I complex through villus to crypt was changed by the sucrose feeding and also in the diabetic state. In contrast with the finding of Raul et al. (9), sucrase and isomaltase activities and their content were increased in the apical and middle parts of the villus in control rats fed on sucrose diet compared with those fed on starch diet, but were not changed in the crypt cells in either group. This suggests that the increase in S-I complex content caused by sucrose feeding is ascribable to the stabilization of the S-I complex by substrate, i.e. sucrose. On the contrary, in diabetic rats, sucrase and isomaltase activities and their content were markedly increased in crypt cells compared with control rats regardless of the diet ingested. Therefore, it is likely that the synthesis of S-I complex was stimulated in crypt cells in diabetes induced by streptozotocin.
On the other hand, Acarbose feeding resulted in the marked decrease of disaccharidase activities both in control and diabetic rats. The decrease of sucrase and isomaltase activities caused by Acarbose feeding was shown to be due to the decrease in the content of S-I complex. Therefore, Acarbose in the diet does not solely inhibit disaccharidase activities in vitro, but also decreases the enzyme content.
In our laboratory, the incidence of diabetes resulting from the injection of streptozotocin (70mg/kg) has been observed to be 70 to 80% in the case of rats raised on standard laboratory chow diet. The synthetic starch diet used in the present study was similar to the standard diet in the quantity and quality of carbohydrate contained therein, viz, the diets contain 60 to 70% (w/w) of carbohydrate, mainly with corn starch and lacking sucrose. As expected, the incidence of diabetes was similar for the rats fed on starch diet and standard diet, 80% and 70%, respectively. However, sucrose feeding, which increased the intestinal disaccharidase activities, caused the increase of the incidence of diabetes to 100 and Acarbose feeding, which decreased the intestinal disaccharidase activities, inversely caused the decrease of the incidence of diabetes to 47.6%. Moreover, the development of diabetes was accelerated by the feeding of sucrose, but Acarbose in the diet moderated the diabetic condition.
From these results, it is strongly suggested that the development and/or condition of diabetes induced by streptozotocin are/is influenced by the feeding of diet which causes the increase or the decrease of disaccharidase activities, viz, sucrose-rich diet or Acarbose-containing diet, respectively. Sugars could be digested more rapidly after the ingestion of food in the rats whose disaccharidase activities SUCROSE AND ACARBOSE ON DIABETES 55 are increased by sucrose feeding, resulting in a rapid increase and the reaching of a higher level of blood glucose. Reaven reported that the increase of blood glucose after the ingestion of diet was accompanied by the increase of immunoreactive serum insulin (24). Therefore, it is very likely that sucrose feeding induces secretion of insulin from pancreatic B cells. On the other hand, in the case of Acarbose feeding, the digestion of sugars could be decreased and retarded, so as to preserve the capacity of pancreatic B cells to secrete insulin. It has been reported that the sensitivity to streptozotocin is increased in hypothalamic obese rats (25) and that there is a diurnal rhythm of sensitivity to streptozotocin in mice (26). Moreover, it has also been shown that the development of diabetes induced by streptozotocin can be prevented by the injection of nicotinamide (27, 28), pyrazinamide (27), superoxide dismutase (29), or vitamin E (30). Therefore, it is suggested that the sensitivity to streptozotocin is effectively influenced by the nutritional state of individuals and, more precisely, by the metabolic state of pancreatic B cells. The increase or decrease of disaccharidase activities in intestinal mucosa might influence the nutritional state of pancreatic B cells by regulating the digestion and absorption of sugars, although further studies will be required to solve the precise mechanism of the change of sensitivity to streptozotocin for determining the change of intestinal disaccharidase activities. 
